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undcrmkn to obtain a pC:-SiXCLiVe of radia-

tion CITCCLSon human beings, particuixly the

cl;ecu on chiicircn. .&though numerous xe-
ports inclica[c theoccurrence of specific dcl-

etcr)otis effects a~tm high doses of radiation,

documentation O: damage in mm following

chronic exposL:rc to lotv doses and low dose

rates is meogcr.

The question of dificrcntial scnsiti~ity in

rc!ation to :.~e is particuhrly rc!ewmt to
pcclia:ric considerations. The publications

su:;gcsting tila: fetal imadi2tion at diagnostic

rocrirgcnogmphic dose levels may be asso-

ckwa subsequently with increased lcul;emo-

g~n~jis wtd carcinogenesis’, 2’3 have empha-

sizcti ti~~need LOobtain more data on human
beings. The occtmreficc of thyroid cancer

aitcr irradiation of the thymus during in-
:xicy~, “ 6’ 7 and the a~e pattern of leukemia
iz & Japanese .4-bomb ciata”, ‘ have sLsg-

Fr07): ~;!e [~-nizersit;, o/ Texus ?.f. D.
.,indcr~on Hospital and Tumor Institute,
.?cdictric .$ect; on, Depnrtmezt of .bfcdicine,
Houi:on, Texm, and the .ifedical Dioision,
Zrookhazmz ,Yutiona[Laboratory, Upton,
LOnE Ii[and, .\’, l’.

Thii :ior/: xcs supported in partby Public
Heollll S<r2ic~ li!e>~crcit Career .4ward
.’/0, C.4-2501-2 and by the U. S. Atomic
En2r~y Cornmiision.

:estcd tilac \,o,ung chi]tinm l:ii:h L bc more
.,.

Susccpuolc than adults to tl-2c carcko~cnic

action of radiation. Odicr data, hoi~.ever,

.l.OW’ lil~t l~uk~i2)O~cllCSiS 2JS0 iij2)’ L2 2SSO-
ciawd with diagnostic radiation in the xluit10

and that the incidence of radiation-incuccd
lung tumors among asbestos and coai :x

WOrIiers, of bladder rumors in chemical
workers, and of leukemia amon~ ra&ation-

treatcd males wi~!l spondylitis in England in-

c;-cmcd \vith ir.creasing agc.11 Lack of know-l-

edge regarding the basic rmechar.isms in
radiation cmcinogenesis (and sponzmeous

cancer ), in addition to the difficulties ix-

herent in the interpretation of epiriemio!ogic

data, ~varns a~ainst uncritical accepta~ce oi

conclusions seemingly show-n.ll-l’

Considerable datz have accumui~ttd de-
.,.

scrl~mg t!leeffects of radiation on zdult

human beings. Howe\rer, lCSS is lmown Aout

the ~ge dcpcndcncc of such eficcts, particu-

larly in regard to c!lilcircn. It is believed

that the young m-e somewhat more sensitive

to r2di2tion than are Xlults and Ais is
g-ex:md!y iound to be true in studies on ani-
mals and from limited experience with ir-

radiated human beings. In d]is paper, the

somatic and genetic eifFects of radiation in
the human being will be reviewed tvi:!l spe-

cial attention to what is linown about the
=.iddrc-sJ,“flit Uniwrfity 0/ Texas .\l. KS.Ar’dcr,on
J1.. pi:ai IJn,f Tumor Imiitute, 6723 IJer;ncr Driw,

relative sensitivity of children. Alsoj the
AO.210rt, “fdxui. current attitudes toward the hazards of low-
**.4Jd,.Js, .i[ediccd DivLiom, BI oo!.ltawrt ,Vaiional
Laboratory, U)[on, Long Idand, *V. Y. level radiation in children wi!l be examined.
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Somatic e!’l_ec:s thd: result from substantial!

doses of sxiiatioa !la\’c been well docu-

]lwntcd anti tile c~usa! relationship of cariy

cJTects to t!~c fact of cxposu’~e i~as been fairly

c!carl;. Cstabiisilccl. ‘The present lmowieclge
regarding tile 12te cfiects on humans w,ilich

occur lnontk,s anti years’aficr the exposure is

basw! on meager data from acute exposures,

from epidemiologic invcstigatiofls, and from

occupatiorm! anti medical exposures.l:’ lb

These IaLc C)7CCLSare nonspecific and canno~

bc differcmliatcci from naturally occurrin~

di>case; only Khe incidence of the disease i;

incrcascd.17 Tile general pattern of somatic

Meets folio~ving irradiation varies \\,itl~sev-

ers! factors which include the quality of
raclia:ion, absorbed dose, arid raie and

homo~eneity of exposure (spatial ciistribu-

tier. ).

.-\cute eff:c:s. The mcclian acute lctha!
dose (LDiO ) in man ior silorr-tm-m to~a!

body radiation is not precisely known but is

estimated to be somcwhm-e bet\vccn 300 anti

500 rads.l:, 18 Doses o~,er 2,000 rads are fatal
within a fc\\, ilours, producing rapid clinical

dctcricrmtion in \\.i:lch ncLlrologca! svmp-

tollls arc st:ii.in~-. Ilct\vce:l 500 ma ~,OGO

rads, -c[l CC:S arc C]iaraCLcrizc d by se\clc

ga.strointcstinal disturbances; death occurs
within a week. .Aitcr an exposure to 100 to

500 rack, lc$s serious gastrointestinal sympt-

oms prcdonlinatc in the c2rly clinics! pat-

Wrn. Fo!lowing subsicknce of the ~astro-

intcsrinai S},ln[)tOIn.S, tl’.e CIYcCts Ot_injury 10

t]w hClli2tOpO;CtiC Lisuc (kicctions, anemia,

biccdin<; m:.y become m’idcnt in abou: 5

\V~d!<S.” Clixlical syrlcironlcs of acuzc radi?.-
tion in j L[ry h2\e been described in dciaii

ia 1 nu~nbcr 0( publications.’u-:i
T!lc rciative scnsitivitv of chi!circn conl-

parcd \vizi~ac!,ults [o ili:h cioscs of radi~tion

is not ;)rcci$cl!, kno\\,n. “In assessing sus-
ctp~ibiliLics \.ariou> er.d points can bc wed;

:he apparcnc r2ciio-senjitiYitv ot” a tissue or

organ d~])~n(ls on Ihc mcd)ocl of obscrlution.

Scfisilivity ck!)cnck on agc at the time of
exposure, ci~ildrcn bein~ more susccptibic

than ad~lts. ”lb Morsilallcse chiltircn irradi.

atcd \\,id2 175 r~c!s of ~vi201e ‘bociv gamma
~3\,s ‘sno\ved. x sligi~tly greater degree of
r.auscii and vomiting and g-rrnter ckpression

‘+ ‘“ 2’ How-Of ]eukocvtes than did the aciui. s.

e\’er, Lhe dose may hai’e been greater in

these c!lildrcn due to tlheix s]lortcr sca~ure

(nearer the ground source j m-id sinalIe:
bodies. The skin of chiidren is !-mown to

ire more sensitive to radiation than that of

aciults.2s The M~rshal!esc chi!c!ren exposed

to fa.l!ou: also deve!oped more w“idcspi-ead
“beta burns” of ~!>e skin ar.d cpikion than

did the adults. This greater sensi:i\.ity may
be reiawd ZO the thinner skin 0~ t]le c~J.

ciren.’c

Late ei~ecis. In considering the possible

kite efi ects of radiation, i; skouk be bor~e
. . . .
12. m:nc Lllat c~.~~drcn h~~,c 2 gre~:er ch~n~e

of developing some of die late eflects since

their longer liie span \,rould permit efiec~s
1. . . .. ..~)”i:.? ~:c!ongc~ ,d. L,, L +od> m kcome

m:nifest.

Lcuhrnia. ‘The occurrence Of lwkcmi2 ~S

the result of exposure to ionizia~- radiation

has been established in studies of atomic

bomb swvivors in Japan’; ~, 2:, 2’, ‘s and of

rherapeutic~lly irradiated ankylosing spon-

dylitis poticr,ts in Eilgiar,d.’jO, :1 In t!le
.~Lomic 130mb Casualty Commission (.%E

CC j stucfy, c2icu!ations based 0:] 82 ca>es Oi

confirmed leukemia of a)! types occurring
f~om 1947 through 1~~~ a:nong rhc proxi-
._!]v CxpoSCd (within 1,500 me:crs of dle
hypoccntct-) sur\,ivors dcmons:ratcd til~t L1:C

hi,yhest calcu!aKcd ~nnuai rate o; 673 per

m.iiiion \\,as in the agc group O :!lroucgh 9

)“cars; tile calcukted Over-lil incidence \\’as
. . .

455 per xndllor. ior al] age :jroups combined.

During :ilc same period of li~:;c,~ilc]cLl)icnlia

r:izcsamong the ciis.lally exposed ( 1:500 to
10,000 nmLcrs from the !I)poccnwr) suF\i-

YOL3, cdcu]~[dd on tiltb2Sis oi 67 confir:l)c~

casu., ~rere 26 pcr miliion in t!le O throu~.i~
9 yeor 2<C ~ro~~i>and 35 pcr i)j~l]io~~~0:. ~i;

ages colnbir,cd. >, V The expected incicicr.ct of
ItLlkl_?Icia of 211 t~pCS 101- 211 agcs in J2?zII

\r2S 20 to 30 per l>)illion i>cr }clr.’ l\’!le:l

acute lvmpi]ocytic lcukmia \>,2s con>idcreci

wpu-amiy, the calculated mnual r~tes i.-. :::;

1) throush 9 2:c group \vc:c 269 per million
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,.
m die proxmn!lv exposed a.ncib ~per .rni!lior.
. .
]r. Zne distaily e.sposed cl-liickri. “ ‘ Straighr-

!ine rektior, +.ips betwc c.-, irradiation doses

and leu!icmk incicicr.ce io the Japanese da:~

\verc rjotcd o\’er the dose range from 100

to $00 rack. &
Tic 13riiisn data were obtti.ncci from foi-

lo\\--up studies or. about 15,000 patients, pre-

Cimninarit!y imales of 14 year~ and o~der,
~vko \\rcre given radiotherapy for ankylmin~

spondy;itis~l. 30’ 31; 73 c2scs of leukemia have
occ!urreti au-.onq these pztien:s. The number

of cmcs of icu~eLT.i2 expected in :nis study
pop~!ation in the absence of irradkticm k

been esLi.mawti 10 be iour or five. 1* ‘Ikse pa-

tients rccci\.ed tnerapeucic doses of radiarion;

tiwrefore, “ti~is study does not provkk evi-
dence on Icukcmia incidence a.iter doses be-
iotv 500 rmi. ”l; C)thcr epiciemioloqic investi -

tic radiation is not aiw~ys a signi,lcan: find-

m~ ir. leukemic children.:, 37 The total voi-
.,. ,.

urne 0: t:ssue nzituatcd (bore m:rrow~l h=
been suggcsteci as a factor of importance.40

.~~~!lOU~hiriCreaSCd ~Fe~Lle12CyOf deGdlS fI’Om

lCLlkCITl~2 amoilg .imcrican radio; ogis:s hzs
been repor:ed,+z, 42 the data do not corL-
:rlbute to\v~rd quantitative aspcc:s of the
problem.”, 4“

Several atte:npts have been made to ckter-
mirle tile pioi)ability of Ieu!iernogencsis on
& kmsis of ratiiatio~ dose.2s, 40, 43-4’ The

coriclusions do rot de fixiirively answer :he

question of t!le existence or nonexistence of a

threshold radiation dose for tb.e deve!o~mcr, t

01’ icuke~iia in rnan.2s A ca.~se and efiect
reli?ions!lip, however, benveen high-dose

radia:ion ex?osure in mm mtd incremed

incidence oi ieukemi~ mut be accep:e(i.40

Cancer. The correction between ior.iiiing
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~.1>C.llAC!:C~\vhO IVcre Cxposrxi 10 \vilO!e body

irradiation Oi 69 10 175 r from radioactive

l_A!out.’l Highly j~ggcstive dii~crenccs ,vcrc

noted, particularly between malt chiidren
e.<i>o~ed at 12 LO 1!3 mor, ths of age and ~!le

uncx?oscci comparison :roup,

clinics! expcricncc has lorI: emi)ha.sized
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